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CORONARY ARTERY DISEASE

@ THE PATHOPHYSIOLOGIC PROCESS
WHICH LEADS TO:

@ angina pectoris
@ myocardial infarction (heart attack)

® sudden cardiac death




CORONARY ARTERY DISEASE

2 a lifelong process generally beginning in youth

& number one killer of adults in the western
world

& a subset of the broader “cardiovascular
diseases” which also includes PAD and stroke
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ENDOTHELIAL FUNC THONS:

@ controls vascularpermeability % Y i e L
[~ . - . i -'l. B . -
@ _controls flow of biologically active mofécy_lreg, from blood vessels to organs and
tissues Y " ; : »
: : : * L g
@ delivers nutrients to tissues .

3 .regulates vascular tone
& affects cellular signaling
3 regulaites Inflammation

-
3 . regulates Immune effects

a  regulates cholesterol metabolism «

3 synthesizes nitric oxide




ENDOTHELIUM

2 under “normal” circumstances, adaptive or
protective organ

@ under “abnormal” conditions, function
changes and becomes maladaptive




ENDOTHELIAL DYSFUNCTION

@& starts the atherosclerotic cascade.....
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CORONARY ARTERY

& the end result:

DISEASE
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THE ATHEROSCLEROTIC ARTERY
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ARTERIAL STRUCTURE:
3 LAYERS

2 Intima: innermost layer lined endothelial cells

@ media: comprised of smooth muscle cells and
connective tissue (collagen)

@ adventitia: outermost layer, role in
atherosclerosis unclear

Tunica intima:
endothelium
that lines the
. lumen of all
] N vessels

| R — Tunica
| adventitia:
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smooth muscle | [T . /5] collagen
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ATHEROSCLEROTIC PROCESS

@000000

@ pegins when the endothelium switches from its
baseline adaptive mode to its maladaptive
mode or what Is termed endothelial
dysfunction

& the cause of this switch.....




[HE TRADITIONAL
CARDIOVASCULAR RISK FACTORS

e family history e male sex

o elevated cholesterol & smoking

o low HDL cholesterol o Obesity

a hypertension a diet

o diabetes o physical inactivity

@ dge




ENDOTHELIAL DYSFUNCTION

@ healthy arteries respond to exercise by dilating

@ as a result of endothelial dysfunction, arteries
may instead constrict

a what I1s the mechanism???




LOSS OF NITRIC OXIDE:

more than just a vasodilator

an atherosclerosis preventer

@ Inhibits platelets

2 |nhibits inflammatory cells

@ |nhibits production of tissue factor
2 |nhibits cell migration

@ Inhibits monocyte differentiation

& acts as a vasodilator




LOTS OF NITRIC OXIDE
(A FAVORITE CZECH PASTIME)




LACK OF NITRIC OXIDE
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contrary to public opinion, eggs are not a rich
source of nitric oxide







THE ENDOTHELIUM:

2 EVENTS START
ATHEROSCLEROTIC PLAQUE
FORMATION:
LIPOPROTEIN UPTAKE AND
LEUKOCYTE RECRUITMENT




LIPOPROTEIN UPTAKE

@ |ipoprotein (ldl) passes thru the endothelium
Into the arterial intima

@ |t reacts with oxygen free radicals to become
oxidized

@ this leads to release of numerous circulating
factors and stimulates an inflammatory
reaction, the end result of which is plaque

deposition




LEUKOCYTE RECRUITMENT

@ the endothelium expresses leukocyte
adhesion molecules to which T-lymphocytes
and monocytes adhere and then pass thru the
endothelium into the intima

@ monocytes then accumulate oxidized LDL
and become foam cells or lipid laden
macrophages

@ T-lymphocytes release growth factors that
lead to smooth muscle cell migration and
proliferation. These then synthesize collagen.







PLAQUE GROWTH

2 the end result of LDL oxidation and its effects
coupled with the interactions of white blood
cells and their surroundings

NOMANCLATURE AND SEQUENCES IN PROGRESSION  gagiiest  mamcrowt  cLMicAL
MAIN HISTOLOGY OF ATHEROSCLEROSIS ONSET MECHAMISM COLLERLATION

Initial lesion 2
= histologically "normal” Wl
« macrophage Infiltration

= isolated foam cells

Fatty streak
mainly Intracellular lipid

accumulation clinically
i silent

growth
————————————— malnly by
Intermediate lesion N i
= |ntraceilular |ipld accumulation
= small extraceiutar lipid pools |

Atheroma

» Intracellular lipid accumulation
+ core of extracellular lipid

Fibroatheroma
= single or multiple lipid cores 5 | Incraast;d
» fibrotic/calcific layers i it | muscle ‘2]“]‘:;‘""
and or overt
collagen
increase

Complicated lesion
= surface defect

» hematoma-hemorrhage

= thrombesis
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A MATURE ATHEROSCLEROTIC
PLAQUE CONSISTS OF:

o FIBROUS CAP o LIPID CORE
e SMOOTH MUSCLE CELLS s ACELLULAR
s FOAMY MACROPHAGES » LIPID RICH
s LYMPHOCYTES s NECROTIC FOAM
CELLS
s EXTRACELLULAR
MATRIX

INFLAMMATORY
MEDIATORS




DOESN'T SOUND GOOD

s SO, WHY ARE MOST PLAQUES SILENT???

@ THEY DO NOT LIMIT BLOOD FLOW
@ THE HIGHLY THROMBOGENIC CORE IS SEQUESTERED

s THE FIBROUS CAP IS COVERED BY THE
THROMBORESISTANT.... ENDOTHELIUM




ATHEROSCLEROTIC PLAQUES
AND CHEST PAIN (ANGINA)

@ obstructive plaques (>60-70% luminal
narrowing)

@ ruptured plagues causing “the acute coronary
syndrome”

@ coronary vasospasm




ACUTE CORONARY SYNDROME

@ the fibrous cap overlying the plague becomes
weakened and thinned , leading to rupture or
erosion.

@ this exposes the blood circulation to the lipid
core (in the case of rupture), or to the
subendothelium (in the case of erosion).

@ this plague rupture occurs on plaques whether
or not they are causing stenoses at baseline
or not.




RUPTURED PLAQUE AND THE
ACUTE CORONARY SYNDROME

Middle layer
(comprising
elastic smooth muscle)




ACUTE CORONARY SYNDROME

@ this plaque rupture results in the formation of a
blood clot or thrombus

@ this thrombus may be occlusive (limiting

blood blow) or non occlusive (not limiting
blood flow).

2 |In the event of nonocclusive thrombus,
the process may be entirely
asymptomatic.

@ |n the event of occlusive thrombus, the
patient may experience a myocardial
Infarction or sudden cardiac death.




HEMOSTASIS:

the regulation of blood flow

2 A FUNCTION OF THE ENDOTHELIUM

@ NORMALLY ANTITHROMBOTIC OR
ANTICOAGULANT (maintains blood flow):
PREVENTS CLOTTING

» WHEN ACTIVATED (response to a cut)
BECOMES PROTHROMBOTIC: PROMOTES
CLOTTING




HEMOSTASIS, A SIMPLE
PROCESS:

Aggregation
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THE HEMOSTATIC SYSTEM

@ Important in the pathogenesis of unstable
coronary disease, myocardial infarction, and
sudden death

a normally, promotes blood flow

@ under stress (Including bleeding or plague
rupture), promotes clotting




“THE HEMOSTATIC SYSTEM:
COMPONENTS:
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HEMOSTATIC SYSTEM:
INJURY

@ endothelium is disrupted, platelets are
exposed to the subendothelium:

@ collagen, von Willebrand factor, tissue
factor

@ triggers adhesion, activation,
propagation

& fibrin formation and clot stabilization




THE HEMOSTATIC SYSTEM
ACUTE CORONARY SYNDROME

2 |f a blood clot/thrombus obstructs or limits
blood flow thru an artery, it leads to an Ml or
unstable angina

2 |f a blood clot is limited and does not obstruct
or limit blood flow, the process is silent. It
eventually heals and dissolves.




ACUTE CORONARY SYNDROME

@ the minute a thrombus Is formed, the body
responds with an attempt at spontaneous clot
breakup or thrombolysis.

@ |f successful, flow is restored and the ruptured
plaque “heals” with scar tissue formation.

2 the rupture/healing process may repeat many
times in the same plaque, eventually leading
to a coronary stenosis.




RESIDUAL THROMBUS AFTER
MYOCARDIAL INFARCTION

b Atherosclerotic
intima

Organized
. thrombus

left caronary arten,
g thrombosis are present. (Movat method




NOT ALL PLAQUES ARE CREATED

SMC [HLS-DE")

“Stable” Plague
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A VULNERABLE PLAQUE:
a plaque at risk of rupture

@ caused by the thick fibrous cap becoming
thinned or “vulnerable”

3 mechanism:

@ decreased collagen synthesis, increased existing collagen
breakdown

@ decrease in smooth muscle cells, apoptosis

@ |ipid rich core necrosis




A PLAQUE THAT IS BECOMING
VULNERABLE




EXACT CAUSE OF PLAQUE
RUPTURE:
POORLY UNDERSTOQOD

2 the plague becoming vulnerable

@ mechanical injury

@ changes in intraluminal pressure or flow
@ vasospasm

@ spontaneous




IAE 1 RADITIUNAL
CARDIOVASCULAR RISK
FACTORS:

all have an effect on endothelial function

family history o Mmale sex
elevated LDL a smoking
cholesterol

a diet
low HDL cholesterol

a obesity

hypertension
a physical inactivity
diabetes

age




THE ENDOTHELIUM AND CARDIAC
RISK FACTORS

@ THIS IS WHERE HEART DISEASE BEGINS

& the traditional cardiovascular risk factors either

directly or indirectly contribute to endothelial
dysfunction

@ endothelial dysfunction is the start of the
atherosclerotic process that eventually leads
to the plaque, be it stable or vulnerable




SMOKING AS A RISK FACTOR AND
THE ENDOTHELIUM
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a THE EXACT MECHANISM BY WHICH
SMOKING CONTRIBUTES TO HEART
DISEASE IS NOT KNOWN

a what is known Is that smoking has a strong
and negative effect on the endothelium.




SMOKING AS A RISK FACTOR AND
THE ENDOTHELIUM

@ endothelial dysfunction can be measured In
man after smoking only 2 cigarettes

& nitric oxide levels fall within 5 minutes of
smoking

@ Improvement in endothelial function can be
measured within 2 weeks of smoking
cessation

@ however, the increased risk does not disappear entirely for
years




SMOKING AS A RISK FACTOR
BEYOND THE ENDOTHELIUM

@ |n addition to affecting the endothelium,
smoking also causes the following:

@ Increased levels of inflammation

@ decreases in non endothelial derived levels of NO
@ Increased levels of free radicals and oxidized LDL
a |ower levels of HDL

2 Increased platelet aggregability







CHANGE

'Cause that's all you'll have when I'm done....

CHANGE |

WE REFUSE TO DEFINE
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The uninvited W hite House crashers
meet the President

COULD I SEE IF I CAN SEE YOUR
YOUR INVITATION




» HER FOREIGN POLICY EXPERIENCE WAS
THAT SHE WAS GOVERNOR OF A STATE
NEXT TO RUSSIA...

a SHE DID NOT READ THE NEW YORK
TIMES OR THE WASHINGTON POST....

a BUT, AT LEAST SHE UNDERSTOOD WHAT
A "BUDGET” WAS AND KNEW HOW TO
WRITE A CHECK...

 AND NOW IN 2010, SHE'S.............
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